This study deals with the examination of quality of seawater bathing areas in Greece over a 10-year period and identifies risk factors for high bacteria indicator organism concentrations.
INTRODUCTION
Greece is located in the eastern Mediterranean with over 2,500 islands and strong maritime tradition. The coastal length of Greece totals approximately 16,000 km. Half of this length surrounds the thousands of Greek islands, while the rest extends along the mainland. Every year, Greece and its coastal bathing areas welcome millions of foreign tourists in addition to its inlanders. The bathing season in Greece lasts between five and six months, depending on the geographical location and climate, beginning between the months of May and June, and ending in October.
Owing to its geographical position, Greece and its islands have mild winters and warm summers, cooled by different kinds of seasonal wind. The summers are characterized by sunshine and very little rainfall while the mean ambient air temperature in Greece during May, June, July, August, September and October is 20. 28C, 24.68C, 27.08C, 26.68C, 23.38C and 18.38C, respectively (www.meteo.noa. gr/ENG/climat-bulletin.pdf, accessed 5 March 2009).
A number of microbiological and epidemiological studies have been carried out since 1953 (Stevenson 1953 in an attempt to define the levels of risk following exposure to different concentrations of bacteria in bathing waters.
Standards based on exposure to bacterial indicators have been established through epidemiological studies of recreational waters (Ferley et al. 1989; Fleisher et al. 1993; Kay et al. 1994; Pruss 1998) . Such studies support the idea that the rate of infection and disease among bathers increases steadily with increasing concentrations of indicator microorganisms of faecal pollution in a dose-response relationship (Ferley et al. 1989) . Hence, the survival of human enteric bacteria in the aquatic environment has attracted much interest in view of its public health significance. Based on risk assessments from the World Health Organization (WHO) and academic research sources, studies suggest that millions of gastrointestinal and severe respiratory diseases are caused by swimming and bathing in wastewater-polluted coastal waters (Shuval 2003) . for the presence of other pathogens. Hence the detection of faecal coliforms is of greater concern than the presence of total coliforms. E. coli is a sub-group of the faecal coliform group and its presence almost always indicates recent faecal contamination and therefore a greater risk for the presence of other pathogens.
The presence of streptococci/enterococci always indicates recent human or warm-blooded animal faecal contamination creating a greater risk for the presence of other pathogens. They appear in great quantities in the intestines and faeces of humans and hence their presence goes without doubt as evidence for increased risk. Besides their limitations, these indicator bacteria have been used successfully in many countries as a monitoring tool for microbiological impairment of water and prediction of the presence of pathogens (WHO 2000 (WHO , 2003 Chandran et al. 2008 
METHODS

Study areas and sampling programmes
Beaches were sampled on a regular basis with a mean average of 13 samples collected from each beach per year, from predetermined points specified by the competent department of the Hellenic Ministry for the Environment, Physical Planning and Public Works. mainly during mid-June to mid-September with the highest counts of visitors noted during July and August. During the other months there is minimal to zero visiting of the seawater bathing areas for bathing purposes. As a result, between the months of October and April only a few water samples were collected from the coastal bathing areas.
Water samples were therefore collected from May through to November. The time of sampling was almost the same for the same beach each time. The majority of samples were taken between 10.30 and 17.30 as this was considered to be the time at which the majority of people engaged in water activities. A volume of 450 ml of water was collected in sterile bottles of 500 ml (or 250 ml) capacity. Samples were taken 20 -30 cm below the water surface level at a sea depth of 0.8 -1.3 metres. Samples were transferred to the laboratory on the same day of collection in a closed Esky cooler, thereby avoiding any disinfecting effect of sunlight and changes to microbial presence. All samples were processed within 24 hours of collection. Furthermore, visual parameters such as sea colour (normal/abnormal colour), wind direction and general sea condition (high, medium, low waves), the presence or absence of mineral oils, surface-active substances in seawater, phenolic smell, tar, floating materials, garbage, seaweed and jellyfish were all assessed and recorded. Parameters recorded can be seen in Table 1 .
The majority of the water samples were collected and analysed by a main contracted private laboratory. Owing to the vast load of samples, over 40 public and private authorities were involved in the sampling operation and 11 public and private laboratories including the main contracted laboratory were involved in the testing of the samples. All laboratories processed samples for microbiological analysis in accordance with standard ISO methods for the detection and enumeration of E. coli, faecal coliforms, total coliforms and faecal streptococci/enterococci.
Data collection and validation
Data included in the study were gathered from the archives of the Hellenic Ministry for the Environment, Physical Planning and Public Works and comprised microbiological test results and relevant information recorded during sampling of the regularly monitored coastal bathing areas.
All data entries were subjected to data validation and any inaccuracies found in the database, due to data entry errors, were crosschecked with result transcripts and corrected.
Microbiological parameter analysis
In order to assess possible risk factors of seawater contamination, certain pollution markers and other parameters (Table 1) were associated with microbiological indicator (total coliforms, faecal coliforms, faecal streptococci/enterococci, and E. coli) test results.
The analysis results showed that an extremely high percentage of beaches conformed to the EU mandatory requirements for bathing water (Table 2); hence it was $100 cfu/100 ml faecal coliforms and $ 150 cfu/100 ml total coliforms was considered as positive. This was a necessary step to ensure that no confounding factor or biases were included in the analysis.
Following the outcome of our amended cut-off values, and in order to extract more significant results, it was During the study period 1997-2006 we noted a statistically significant rise in the yearly mean value of faecal streptococci/enterococci (cfu/100 ml) whereas no significant change in the yearly mean value of E. coli, faecal coliforms or total coliforms was noticed ( Figure 1 ).
Furthermore we found no significant changes in the mean values of pollution and other recorded parameters.
Although no significant change was noticed for E. coli, faecal coliforms and total coliforms, it is apparent from 
Conditional logistic regression analysis
Variables that were significant in the univariate analysis were entered into a multiple logistic regression model. The analysis was conducted in relation to the concentration of bacterial indicators (total and faecal coliforms, E. coli and streptococci/enterococci) including the new parameter 'microball'.
As seen in (Table 5 ). All the variables identified to be independently associated with the microbial indicators were also found to be associated by using autocorrelation analysis.
Seasonality impact of bacterial indicators
On examination of the seasonal trends we can see from According to other studies, streptococci/enterococci are by far the best indicator for recreational seawater quality, representing the strongest trend for increasing relative risk for recreational water-associated illnesses (Fattal & Shuval 1998; Shuval 2003; Wade et al. 2003) . If this increasing trend of streptococci/enterococci is to continue during subsequent years, then despite the relatively low numbers of streptococci/enterococci recorded at present (fulfilling the EU criteria), it will surely be cause for concern in the near future, requiring further remedial action.
As described above, rainfall on the previous day or the same day of the sampling was significantly associated with increasing concentrations of bacterial indicators. However the association was even stronger for samples of previous reduced when compared with normal conditions (Lipp et al. 2001a,b,c; Boehm et al. 2002; Morisson et al. 2003; Shehane et al. 2005) . Increased anthropogenic inputs that may occur within seawaters may also play a significant role during periods of increased beach and sea activity.
The presence of phenolic smell was significantly associated with increasing concentrations of bacterial indicators. Phenol is a colourless or white solid, but usually used as a liquid. It has a strong odour that is sickeningly sweet and irritating, evaporating at a slower rate than water and dissolving fairly well in water. Phenols are involved in many industrial processes and may be released into the environment through industrial discharges and are often found as a natural constituent of animal wastes and organic material. One common use of phenol is in the manufactur- In our study, the presence of phenol was recorded by the presence of a subjective phenolic smell. It would be of interest to examine chemically the concentrations of phenols that may be reported in bathing water and correlate these findings with that of phenolic smell recording.
Nevertheless, whether bad odour from phenols, or bad odour alone, a strong positive association was noticed with increasing concentrations of bacterial indicators.
It can be hypothesized that the presence of waves and high seas can bring sediments containing faecal pollution back into coastal waters from areas of settlement.
The increased levels of turbidity due to such actions present an environment for potential bacterial absorption and/or protection from detrimental effects of sunlight (Kibbey et al. 1977; Fujioka et al. 1981; Desmarais et al. 2002; Sinton et al. 2002) . In general it is noted that higher turbidity levels usually indicate higher bacterial concentrations. Furthermore there is increasing evidence that sand is a favourable environment rather than a hostile environment for bacteria and therefore a potential reservoir for bacteria (Cinotto 2005; Beversdorf et al. 2007) .
The presence of garbage was significantly associated with increasing concentrations of all bacterial indicators but not as strongly as for the previously described parameters.
In general it is usually inferred that a highly littered beach parameter 'microball' while they were negatively weakly associated with E. coli and faecal coliforms. As streptococci/enterococci is considered to be the best bacterial indicator for seawater (Fujioka et al. 1981; Sinton et al. 2002) and we have found a positive association with jellyfish we can speculate that the presence of jellyfish can be considered a reliable pollution parameter. Furthermore, as similar results were observed with the parameter 'microball'
which included the presence of any of the bacterial indicators, this association presents a positive significance and is more likely to be valid. (Table 4 ). These findings may be utilized in the absence of regular microbiological monitoring as a proxy for the assessment of bathing water quality.
According to our results it seems that seasonality may play a significant role. The increasing means of bacterial indicators from May to August are not a surprising result and for this period it seems that the main factor that adversely influences the counts of bacterial indicators could be bather density, which increases during this period and reaches its peak in August ( Downloaded from https://iwaponline.com/jwh/article-pdf/7/3/514/397244/514.pdf by guest
